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0 An electrical circuit, particularly an electronic power circuit for motor vehicle injection systems, 
with a function for the detection and diagnosis of faults, and method related thereto. 



® During the piloting of the load (A, 8), the current intensity and the voltage present in the load are monitored 
(9A, 98) by the comparison of their values with a current threshold and with a window of permissible voltage 
values. When the voltage is outside the window of permissible values and/or the current falls below its threshold, 
a fault message (FAULT) is generated and the nature of the fault (open load, short circuit to earth, short circuit to 
the supply voltage) is also identified by the emission of a con^esponding signal of a diagnostic nature (DIAGA. 
DIAQB). The identification (STAGE) of the faulty stage or stages is also provided for in the case of a circuit 
including several stages in parallel. 

The preferred application is to the piloting of the injection in internal combustion engines. 
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fault, but also to be able to!dentr.,s natule ' " ^^'^'^^ °^<="^^«"" °f a 

following phenomena: °® ''^'^^^ ''^^'^ '° appearance of one of the 

-^t^ breaking of the connection to the .njector soleno.d valve, which acts as the load of the circuit (oper, 
'0 - the establishment of a short circuit to earth or 

for errrSi'it" a. oTZ^^^^^ rb?trpr::;:er 7 r ^^'^^^^^"^ ^-^^^ ^--"^ - 

where the fault has arisen "'^ ^" 'nd.cat.on which Identifies the stage or stages 

fault within the limits defined above ?^ be car .e^ oufl^ ? . "T"" °' ""^'^""^ ^"^ diagnosing a 
an excessively complicated circuit anrattheTIm. r ^ '"""'^ ^ '^"'^'^y ^'"^""^ ♦f'e "^e-^ ^or 

relatively hostile env'onment such as a motor vehicle ' """" '"^'^'^ ^ 

char:c.rS l^t tolTn ;l '^^^^S^d'Simr ^''^"^ °' ^ '^"^ ---^^^ ^-'"9 the 

appe'd^dTa" Tch?' ''"^^ ''^ way of non-limiting example, with reference to the 

accordrrlrto thetTtion. °' " ^ -e of a power circuit 

the for^'oT: btotragrl'^aTd"*'" °' ^"""^ °' ''^^ o, Rgure 1. also In 

In rhrd^incrL'rf ^^'^ °' ^^"^^ °' components shown in Figure 2 
lr,iec;LrofrSnrcorb:rn'^^^^^ ^^-^-"^ '--de^ to be used for pi.o«ng the 

paral;,thot1rctut:;£tt^^^^^^^^ r ^ 

the solenoids or coils of two reLctive inSrs . ^ respective loads A. B constituted by 

drawings). respecbve .njectors of an internal combustion engine (not illustrated in the 

ZB ^JtS^raglVrm^S^^^^^^^ °B or a respec«. .enar dic^e ZA. 

quenching, etc. ^ overioad.ng phenomena such as spikes, damping of excess voltage on 

microprocessor, such as a Motorrefncn mTcroJr^:^^^^^^^^^ """" ^ «--P'«. ''V « 

xrr:: trrcCoc^r c^d^ rr t^~v r-^^^ 

Signals (usually constituted by recta^^r wfves) llch L f °' ' ^''^"^f"" 

responding current piloting signals forS fo Js A B °^ ' '"'^^^^^ ^^O'' 

betwrS;"™o^??^^^^ ««.'<^; 'oads in auestion are connected 

of the vehicle (or of the injection systemf """^ ^ *® """^^'^ <«'«««^) V + 

tf^e .^rjopTo^irr^cl'^r^^^^^^^ ^^'^^^ «^SET respec«ve.y. extend between 

microprocessor C ' the stage or stages with the fault to the 
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The D.AGA and D.AG8 Unes. however, send in.orma.ion of a diagnostic nature. tt,at is. identifying the 
l<ind of fault detected, to the microprocessor C. . resetting signal to the circuit 1 . 

Finally, the RESET ^^J^^^^S^^^^^^^^^^ Z 'iH -fer to a power 

In order to avoid too heavy a treatment /"J'^' "^^^^ the basis of circuit developments 
circuit . which includes two «*-9-f ^P^^"^ '"/"f j^^"^^^^^ 

within the capability of an expert .n the art. he ^fjcrorocessor C and the circuit 1 will provide 

10 this case, it is clear that the connections between '"^^ -^^^j;^"^^ „„,3 p,,,„el for conveying 
for respective driving lines 1N1 ... INn and for e>'ample f.^ "^age on which coled signals are sent 
the respective identifying signals, or for the use of a smgle STAGE l.ne on wnicn 

according to a general serial format. nreferablv oroduced in the form of a single 

According to a known solution, the power crcurt ^f'\^'^^'^^ °^^^^ preferably constituted by 
integrated circuit) comprises, for each stage, ^^^'^^^^^'^l^^^^^^^ a B in dependence on a 
a Darlington pair, whose common output co lecto P'^^^^^/^/'J^J^^/^^^"^^^^ jhe latter is in turn 
switching signal applied to the base of the .rst '^^"^'f ^/J^^ J^^"?^ "J^J^^ and 1N2. 
activated' by drive signals to each other: 

Except where indicated otherw.se. the two stages of '^^^"^^^^^^ constituent elements are indicated 

one stage or the other. ^ ^ ^ unit '^A 3B and the output collector of the 

tion of the battery, etc. . ^ ^r>^f^rr^\nn tn a known solution, to a unit 5 for 

acting between the emitter of the second transistor of each Darhngton pair 2A. 

unit 3A, 3B. ^ ^ ^ ^^t^-.r^n nf it-? intensitv bv means of ammeter resistors 

The limitation of the current Is achieved by the f °* t^e DaLqton pair 2A. 2B and earth. In 

further below. . ■ •„ „.iir,.if lines V0UT1 and V0UT2 connected to the 

The voltage level present in the load, that .s m "^1°^^%^^,^°^ ,^oi ^ the diagnostic modules 
Darlington pairs 2A and 2B. ^e -'-J-lJ-^ u^t "r ^g^^^^^^^^^^ voltages (for example. 

. To.Zs'^ oT.oT^^^^^ r JJo'^LSllzed agLst temperature v.a«ons) whose 

'""traSl^'™?^^^^^^^^^ diagnos.c func^on. whose role will better be expl^ned below, is 

'"'Te'slucture of the diagnostic n,odu.^^^^^^ ,,derstood that the 

45 For Simplicity, only the structure of the rnodule ^A^'^^ ^^^^^^ ^, 9A are indicated by a 

50 Stabilized voltages generated by the unit 1 1 . 

More precisely: . ^ negative input connected to a 

- the comparator 13A has its positive input connected to the line lOA ana its neg 

reference voltage of the order of 2 volts; reference voltage of the order of 0.4 volts and its 

- the comparator 14A has its positive input connected to a reference voiiage 

XS^'^c^^^ .nd ,4A. VO,A ««. V02A. «s » ~ «pu» 
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OMayirg tae 18A lo avrtd b»z2 ' ^ '*°"''=^ «t ih, ,ni m dolayed In a 

presence of 

OR logic gate ISA and of the comparator , 5A ^''"^ '° "^^ ^'9"«'5 °* «he 

.N1 on,y .n the presence of an excitation on the .ine 

excitadon signal is present. '^^'^^ ^""^ '^'"^""^ « fault exists only when an 

xr^oVrt^r;; ii°:ruX;:LTn ' ^^-^ •^-^ - ^^at 

Darlington pairs 2A. 2B is travUed (as Is t^e rl^^^^ ' T'^/^f conducting, each of the 

amperes with a collector voltage of beSeen ^ 4 IndTs v / f °' '^^^^^ °' 

9B can be described according ,o thftSe sh^wn Telow °' '"^ ^'"^"^^"'^ ^A and 
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8A.8B 


10A.10B 


VOIA 


V02A 


V03A 


DM 


D2A 


(Volts) 


(Volts) 


V01B 


V02B 


V03B 


DIB 


D2B 


Normal operation 
S.C. to V+ 
j S.C. to earth 
Open load 


0.1-0.4 
0.4 
0 
0 


0.4-2 
>6 
<0,4 
>0.4 


0 
1 
0 
0 


0 
0 
1 
0 


0 
0 
1 
1 


0 
1 
1 

0 


0 
0 
1 
1 
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normally remains within 'rge^'ft, o 4 V^^^^^^^ '^T'T ""'^^^ °" ^^A 

established by the comparators 13A. m whilst the ammlir I ' T" °^ Permissible values 

Je thr^old voltage of the comparator fsA Xh; XTZa To^^%o1Z^^^ ^ ^"^"^ ""^^^ 
D1A and D2A. therefore remain at logic level 0 ^ ^ ^ °"*P"* signals 

the ~?ralr~ -'^^ 8A increases relative to 

the levels of the signals V03A and D2S What does Ja^^ hoTJl? °' comparator ISA or 

practically reaches the voltage of the battel V+^^r^n- Z u ""^ °" ""^ which 

and falling outside the windot of peL sS vaLrSfintfh^J "'""'^ °' ^'^^ '^''"^P-^^^^ ^3A 

VOIA passes to logic level "r caS a co^^Trt^^^^ ^ *® comparators 13A and 14A. The signal 

in the presenS of a short circurt to l!^ ^ f °"»P"* ^^Snal Dl A. ^ 

the voltage present in t^te sTbl LTpra^X^errar^^^^ ^7 k*'^ P^'^' 
comparator ISA. The output signal VOM of The 2L Z«f« I' ^'^^^^'^'^ °^ the 

corresponding variation inThe sfgnal DM The volS^ In f^f causing a 

very low level below the threshoW of thVcomo^L^j; Z T' °" ""^ '^"s to a 

defined by the comparators 13A ^ ""'^ "'"^ ^'"•^ow 

Which causes the signal D1A to change to^og^tevjr-r- °' V02A 

the vrj'e onre'^raTfal^rthrL^^^^^^ ^^"^^'""^ — the load, 

and D2A change to "1" Under thes™Hm«!f w L ® comparator ISA so that the signals V03A 
the line 10A fin% corres^nit 4~ C v '"^^/^^^^ D-'-9ton pair, the voltage oJ 

to the voltage Vb. of the second tra^ JstS (appi^O - 0 s nT'T °' ''^''"9^°" ^ 

to ~nT^rr^^^^^^^^ therefore correspond 

All the above is also true of the signals D, B and D2B emitted by thf module 9B. 
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By way of summary, norma, operation '^''^^ P'^-^^-^f ^36 an^ 14B. with the current ia the load 
falls within the window defined by the comparators '^^-^ j j^^^g threshold level fixed by 

(detected on Ihe line 8A. 8B connected to the ammeter res.stors 7A. 7b) 

?h7o"e:fr Short Circuit to the positive P- - ™ ^^^^1^:::^^ ^^T^^^^ ^^^^ 

^s:^::^::::::^ ™ currer^t . the .ad .1.3 

in the presence of a short circuit to earth or of an °P^n ^^^^l ^^em phenomena are distinguished 
below the threshold fixed at the co'T^Par^^^/^ ISA J5B ^^^^^ by the comparators 13 A. 

by detecting whether the voltage Vout to the load is o^row i presence of a short circuit to earth. 

;^B. 14A. t4B or not. The voltage '^>f ^l^^, "ale^^ ^" °f ; 

In other words, the correct operation of the ^ ""'^ ' 3,3 ^ logic level "1" indicates that 

02A and D2B are at logic level "0". A change ^J^;^^" by detecting which of the 

a fault has arisen. The stage in which the fault has taken place. The combinaton 

diagnostic modules 9A. 9B has the ^^^^^i;^ ^^f^ZTeZ^ the nature of .he fault in an Individual 
of output values (10. 11 or 01) of each module 9A. ^""^ 

stage to be identified according to the ^Z^^^;'" J^flc.: in which it has occurred and of diagnostic 
'the functions of signalling the f-";^o* 'f^^'V'^g f J^%^3^t2,tia.ly of two OR logic gates 20A. 

. a^?o?rr ^ Z^f^cZ'^^^rU^o. Of an inverter 23 in the output «ne of 

the gate 20A. ..^ ^ n«npral OR for a« the signals output by the modules 

'Ss re^ratlhroC^. - . - .^en any of the output lines of 

T^'^XS^- Zs.:T.-^re:^^^ values in depe^ence on whether the fault 
has occurred in the first stage of the circuit 1 ^'J'l^^^^'f- logic level "0" when one of the 

In the embodiment illustrated, the output o me gate 22 ^s m rac a 
outputs of the module 9A has .'^''^"Sf J° '^^'^^^ J^^'',^^^^^^^^^ when, and only when, the fault is 
circuit 1. However, the output signal of the gate 22 goes to logic 
in the second stage of the circuit. occurrence of a fault) is transmitted to one of the 

The output sigjajs "j^^f^^^^^^^^ FAULT signal to the microprocessor C. 

'^wrtSl^^ottes^^^^^ 

The signal identifying the faulty stage '^.^'^^"rrJ^^SelLh circuit 24. 
through the logic gate 26 connected to ^.^^^"^^^^^Jj^^^ Sgic gate 25 to the control input 28 of a 

The output Signal of the gate 22 .s ^"^^^ ^°^^^^^^o^Qf, Ir oiAQB leading to the microproces- 
muitiplexer circuit 29 which can transfer onto the output lines D.At.A 

- Signals 01 A and 02A (which are applied to a «rst p.. o^^ inputs a9A) when the output signals of the 

gate 22 indicates that the fault is in me second^^^^^ ^^^^^ ^4 are indicated 30 and 31 

45 Finally, two further inputs of the '^^'^^^'f^^ microprocessor C. 

respectively and are connected to the reset '^ connected ^ ^^^-^ 3,o.age as a result of the 

The variation of the signals 01 A. ijza, uid anu <-"■ 
use of storage devices of the set-reset type. multiolexer 29 and the latch 24 to 0 by means of a 

The microprocessor C can return the ou^uts of the ^J'^fgi^^itaneous or almost simultaneous 
resetting signal sent on the RESET ^^'^^^^^'^^^^^ r^ic o^Lessor C can read the respective fault 
appearance of faults in both the stages o the '^'^^'J'J'l^^o^Qf, and OIAQB. sequentially, 
messages, as well as the diagnostic signals Present^ on *e JJ^ ^ p^^^T. STAGE. DIAGA and 

T,^ microprocessor C Interprets the signals ^jg^al Indication to the outside, the 

DIAGB. and provides for corresponding '"'^7^^"^°"' ^^^^^ 

interruption of operation, ete.). The altena for "J^J^^^^^^J^^^^, the purposes of the description and 
will not be described in detail herein. '^'^J'^^lSol ^r^m^ero^s possible alternative solutions, 
understanding of the present on\y one of the many possible solutions for 

Naturally, the logic network illustrated m Figure 2 represents o y 
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Ral7TT" °' ^"°'^'"9 to the invention, 
an. .17.:,T,:L'''^"'''^'^ « '"-«ona„y si.i.ar soiution can be produced with the use of NAND 

s ;-'vesT;^^^^^^^^^ are indicated ,0U and ,0.A and each 

from rhe ,og.c gates ,6A and to me signa V^A rtpec«i^^ '° 
The NAND gates lOlA anri rnsA , respectively, at the other input. 

s.gna,s are equiLnt to .he ^^s S.ranToS '° "^""^^ '"^^^^^^ ^"^^ ^-^^ output logic 

functio^'ns. to the Stes?o?20B'^of^^^'Lre?^ ^"'^ substantially comparable, as regards their 

The output signals of the NOR aates 120A lona ^ 
•s Which also have a function more or lesfcomSLl^o ,.,7 m". ? 9^*^^ '2l and t22 

the generation of a signal indicative J h^occu ^^ce o f^^^^^^^^ f''"' °' '^S"^^ 2. that is. 

123 Of a latch stage ,24 for transmission "hrF?u?TVi V^^^^^^ '° ''^ »° ^ '"P"' 

™in cascade to gate ,22. ofajanr.^^^^^^^^^ 

stages ,30. ,31 and ,32. ^33 which a'r^ c'n'^LTed ' aol'T° h^" '^'^'^ ^'^^"''^ -^'^ '"'=•"'^'•"9 two 
imes DIAGA and DIAGB which send the LgnosTc slff °' "'"^"^^ "'^ ^^S. to the 

The latch stages ,30. 131 and .39 f^^^^l^'^^^'^ ^° ^^'^*<^^ Processor A. 
respective input lines. ' "^^^'^''^ '^""^"^ '"e signals DIA. D2A. D,B and D2B on 

o-J^^t:T^lZ:Z::J^^^^ -S. ,31 and ,33whichpilo.the 

.36) connected to the microp««ess^r C '"^ ""^^^''''^ '^^^ an^"verter 
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- at least one second signal (DIAGA ^lAf:^R^ w^j^k 

p.uraH.y Of faulty conditions L prestt SdrS (T"'' ^"^""^"^^ 

has an ouZTI^SXut?;;ou^^^^^^^^ a plurality of stages, each of which 

sensor means {9A. 9B. 12) can generate aHeit Sir^ ? '^^a^a'^terised in that the 

IS in a faulty condition. ^ * ^'9"a' (STAGE) indicative of which of the stagS 

• «r«' stniS"l':;37lO? lOBfllh" - •'^at it includes: 

output terminal. ^ *e voltage applied to the load (A. 8) by means of the 

- second sensor nrieans <7A flA- 7R an\ ui *^ 

means of the output te Jnal." ' ^ «^ ~^ent applied to the load (A. B) by 

• ftrst comparator means (13A 14A- nft i4r\ 

a range Of permitted values for the vo^gfirSre^T^ .I'T/;!' T^'^ 0°^. 10B) and defining 

crcu. (1,; the first comparator means being iTj^gene^l a^ ^"""^ °P«^a«on of the 

a first value (0) or a second value (1) when the volSl 2nii«H f °'^> ^^^"^'^ assumes 

range of pemiitted values, respectively. ^ '° '°ad (A. 8) is inside or outside the 

'^^^"^ ^^''IZTVT. ^'1^^^ -eans {8A. 8B) and defining a 

Circuit, the second comparator mearblinJ'^Sre to oen^^t ''^'"^ °P«-«- o"'he 

assumes a first value (0) or a second X m when th^ c '/^'T '"^'^ ^'^"^ ^^^A. 02B) which 

(1) when the current applied to the load (A. B) is inside or 
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ootside the range of permitted current values, [^^^""l';^^- ^^q. ^^ich are supplied with the first logic 
. logic processor means (20A. 20B: 21 to 30: 'fO^- l^^^B) and can generate the at least one first signal 
signal (01 A. 01 B) and the second logic s.gnal (D2A. j^gB) logic signals assumes the 

(fIuLT) When at least one of the first (^lA. Dl 8) and second D^^ 

Lond value (1). and can generate the -\^^f^^%'^'^^:iC.lX^^^ "-t 01A. DIB) and second 
dependence on the distribution of the values (01. 11, 10) assumeo y 

(02A; D2B) logic signals. orocessor means (20A. 20B. 21 to 31; 

4. A Circuit according to Claim 3. <^^^^^'^"'^'' signal (DIAGA. DIAGB) with: 

120A. t20B. 121 to 136) are formed so as Q^^/^^f^^^^^^^^^ (,) and the second logic 

- a first value (10) when the first logic signal (DlA. D18) assumes tne seco 

Tsliond v'afi ;™ "fS (01/. 01B) and second (D2A. 02B) logic signals assume the 
TtSdlaTuflorwhen the first logic signal (OIA. OIB) retains the first v^ue (0, and the second logic 
signal (D2A. D2B) assumes the second value (1). (\/OUT\. V0UT2) can be 

-Te ttr^e'tenl de nlng means (13A. 13B. 14B) 

6. A circuit according to Claim 3. charactensed ,,3^ 13B) and lower (14A. 148) 
comprise essentially a window --'f^J- ^^^^^^^^^^^^^ the load (A. B). and in that 
threshold levels defining the range of permitted ^^Jjf. ioq\c signal (DlA. DIB). 

the output (16A. 16B) of the window comparator module *f 3 comparator means (15A. 

7. "circuit according to Claim 3 or Cla^ 6. c^arac ensed n *a^the |eco"c^ P^ 

15B) comprise essentially a single-threshold ^^X^i^Ts) ^ ^^^^ the output (V03A. V03B) of 
26 range of permitted values for the current applied to the load (A. ana m 

aSgle-threshold comparator (ISA. ^^B) cons^utesj^ s^o^^^^^ ^^^^^^^ i,,„,e 

8. A circuit according to Claim 2 and J'a-m 3. ch^a^e^^^^ p ^ ^^^^^ ^^^^ 
an element (21; 121) which is senjtive to 15B) comparator means 

having input terminals (28. 29A, 298) which are J^JPj^fj^J^^^^^^^ Sl3A. 14A. 14B) and second 
(DlA. DIB) and second (D2A. D2B) og.c «'9J«l9^"^Jf,f?,r^^ ' knd output terminals (DIAGA. 
as (15A. 15B) comparator means associated r"* ^^^^^ D2b1 togic signkls generated by the first (13A. 
DIAGB) to which the first (DlA. DIB) and the s®^^'^ f J^J/^S^ onFy one of the stages of the 

14A. 138. 14B) and second (15A. 158) "^^'l^^^'^J.^^^Tb^^^^^^ (STAGE), 
circuit (1) are transferred, in dependence on *e value assjmedby a ^ 

10. A circuit according to any one o Claims ^ J°J- ^f^f.^'^^^^ 
40 interposition of lines for the transmission of the at >east one fi st signal (FAULT) ano 

signal (DIAGA. DIAGB) from the circuit (1) to the <;°"^°' "l^f^^^^^^ ^ ^ast one further line is provided 

^ 11. A circuit according to Claim 2 and Claim ^'^^l^^J^^^^ m) to the control module (C). 
for the transmission of the at least or^ thirdj^Qna ^^'^^^ J^^^^^ ZtrZf an integrated circuit. 

12. A circuit according to any one of Claims J J; P'°°" ^ , ^^^^^ including at least one 
,5 13. A method for detecting the occurrence of a;^;;;-^^^^^^^^ b). the circuit (l) 

Si^g Va pTuS onX SonsTI?.. I a ^nJ. Vating c.di«o„. charactensed .n that it 
TeSng'lhe^C (lOA. 10B) and the current (8A. 8B) applied to the load (A. B) by means of the 
^ !rprgT3A. 14A. 138. 148) the detected value of ^evo.^^^^^ ^^^c^ranDTo^^^^^^^^^^ 

^rm^jxr^^^^^^^^ - - 

range of permitted values, respectively. _ _ permitted for the current 

S5 - comparing (15A. 15B) the detected value of ^^^'^^l^^^^^^^ D2B) which assumes 

during the normal operation of the f^^l^^f^^^^^^^^^Ji^^^ inside or outside the range of 

a first value (0) or a second value (1) when tne current 
permitted values, respectively, and 
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- processing (12) {he first (DIA. DIB) and second (02A D2B^ ion> . 

s.9nal (FAULT) which is indicative of the fact thatTh i .t^' f ^ generating at least one first 

one Of the first (DiA. D,B) and Lond dST ^26 nl' °' ^''^'^ ^» 

generating at least one second signal (DIAGA DiArS ^.^^^'^"^'^ assumes the second .alue (1). and 
the distribufon of the values assumed byTiirs (DM ""T"' ^^P-'^-*^- <>" 

least one second signal (DIAGA orAGBJ beinn 1h ^' "'^ "^^B) logic signals, the at 

present in the circuit (1). ^ ^ ^ '""""^""^ °' 'f'e P'"rality of faulty conditions is 

DIAGBJ-igre'rid" -r'"' leas, one second signal (D.AGA 

In - ^eil^^.^™? ~r '--^ - - '-'^ 

;e:orruei;rand' ^^'^^^ °^^> --'^ (°2A. 02B) logic signals assume the 

each of iTchTas Tn'^oX? t^r,Sntr(y;S J^,'' vou^ ? ' ""'"^"^'■"S ^ P'"^^"*^ °' -t^9es. 

.n that it includes the step of generaino at teast on« fh h ' '^^'^ <'^- B)- characterised 

dependence on the stag^ of^e'St in whicHt^t^^^^^^^^^ ^^^"""^^ ^''^-^ - 

current applied to the toad has departed from 7s rLn^LT *^^^°"«9e applied to the load and the 
operation of the circuit (1): the at St one Wrd sS/Sr^rc?^ °' P^^'"'"^^ *^"""9 '^^^ "o^-^al 

faulty condition has appe Jed ^ ^' ''^'"^ '"^'^^"^e 'he stage in which a 
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